Abstract-This paper analyzes the impact of charging of EVs (Electrical Vehicles) on a MV power grid. In order to simulate the behavior of the EV charging a battery model has been used to model the EV's charging curve. As the way how EV is charged from the grid affects critically to the voltage levels and to the saturation of the lines, two modalities of charging are presented: not-controlled charging and controlled charging. Finally, the simulations have been performed from two points of view: deterministic analysis and probabilistic analysis.
I. INTRODUCTION

A. Framework
The recent awareness about fossil fuels and the environment have arisen more sustainable alternatives regarding means of transport. Thinking in electric transport was not treated as a feasible solution a few years ago because of the difficulties to store a large quantity of energy on-board of vehicles. However, the new developments in battery manufacturing technologies have caused market activation and it is expected that hybrid and electrical vehicles will constitute the majority in private transport. These batteries have at least a capacity of 4 kWh used to power the motion of the vehicle so an electric vehicle will be able to drive at least 10 miles in all electric mode [1] . Consequently, hybrid vehicles and pure electrical vehicle have become the main alternatives for green transportation. These vehicles lead to a wide variety of advantages including the increase of the power efficiency, the decrease of the greenhouse gas (GHG) emissions and the decrease of the dependence on foreigner oil [2] . In addition, electric vehicles involve a certain savings for their owners because fueling it would cost less than a conventional vehicle [3] .
Moreover, governments in many countries aim to boost electric vehicle through incentives and subsidies to buyers. In Spain these grants range between 750 and 20000 Euros depending on the type of vehicle (motorcycle, car, bus or truck). In the case of cars these subsidies can amount up to 7000 Euros. There is an extensive list of electric vehicles either currently available or soon available in the market with the incentive given by the government [4] . The US government is conducting similar programs. A goal of 1 million on the road by 2015 has been set by developing a set of incentives that allow it to repay its full value to its owners within the first 25% of its life span. These incentives were put in place as part of the of the American Recovery and Reinvestment Act of 2009 and allow for credits between 2500 $ and 7500 $ for newly purchased [3] .
One kind of hybrid vehicles, the plug-in electric vehicles (PHEV), will not only charge their batteries, but PHEV will also be able to inject power to the network when required, as the electrical vehicles (EV) do [5] - [8] . These vehicles have the potential of acting as either stand-alone standby electricity generators, or as fully interconnected emergency generators at the distribution level. Before such actions can take place, however, regulations and standards that would permit such a benefit would have to be developed.
Low penetration of EV would have a negligible effect on the grid but it is forecasted that in the coming years there will be a transition to electric transport. For example, it is estimated that the number of EV in USA will rise to 1.5 million in 2016 and over 50 million in 2030 [9] . Due to these forecast, it is necessary to study some scenarios of penetration of such vehicles into the electrical grid in order to maintain security and quality of power supply within standard limits.
B. Literature review
A extended review of literature has been made by Green et.al. in [10] . This paper includes research of different authors on the impact of electric vehicles, consequences and conclusions learned. This section will summarize the most important aspects of some of them.
Most listed papers study the impact of electric vehicles in the grid. However, the contributions which they provide vary slightly depending on the methodology, the simulation tools or the battery model.
In general, the models used to assess the impact of EV rely on certain assumptions about the uncertainties of the VE charging, being the main one the EVs consumption model. Although some of the papers consider it as a constant load, others contemplate some specific parameters such as the state of charge (SoC), battery type, battery efficiency or charging profiles [11] , [12] . Just one of the conclusions of [12] shows that the charging profile is one of the key factors in affecting the distribution grid during the EV charging.
Regarding the simulation scenario, in many cases the studies are often based on real grid models to perform simulations. The impact of EV on a grid of Blacksburgin is studied in [13] , the load on a distribution system of Hydro-Quebec is evaluated in [12] and the potential impact on California is studied in [14] . However in some studies are used either test feeders or modifications of these [15] , [16] .
The penetration of EVs is certainly the most uncertain aspect of the whole charging model. It is common to assume the number of electric vehicles penetration and to work on different scenarios. For example, in [15] - [17] penetration factors between 0% and 100% are treated.
Regarding the time which EVs are charged, the strategy of loading is a very important factor to consider. The authors consider usually two types of strategies, controlled charge and not-controlled charge. The first one refers to a charging option where vehicles charge at the same time of the connection to the grid. This makes that the mobility studies become important when this strategy is contemplated because it provides realistic data on driving patterns. Often this factor is simplified by the assumption that the EVs connect to the grid from 18:00 (right when people return home) in not-controlled charge and they connect from the 0:00 (just at peak hours the demand curve) in controlled charge [16] - [19] .
Finally, it is important discuss the interest of many authors to study the impact of VE taking into account the possibility that they can provide power to the grid (vehicle to the grid, V2G) [11] , [18] , [19] . In addition, it must also emphasize the comparison of V2G technology with distributed generation and distributed storage methods [20] .
C. Study case
In order to analyze the impact of EVs integration into the power grid, aspects related to energy storage technologies and the charging process of these storage devices have to be studied. Depending on the characteristics of each type of battery and the tendency of manufacturers, some conclusions will be got about on-board energy storage. After examining the different technologies, a standard charging pattern is set according to the requirements of the batteries used and the European standard which defines the type of connector to be used by EVs. In order to analyze the impact of EV on the power grid, load flow calculations in a standard urban network are performed below. To perform this, different penetrations of EV into the network are considered and different scenarios are simulated. The grid used in the study corresponds to a real grid configuration (in this case a distribution power grid [21] ). The used system has three wind turbines and three combined cycle units (these remain disconnected for the purpose of the study) in addition to the external grid connection. The aim is to study the response of distributed generation units and see how they affect to the grid. Both demanded energy by the nodes and the energy generated by wind turbines are modeled by their daily power curves. Having characterized all grid elements, deterministic analysis and probabilistic analysis of the scenarios under study are performed. The flow chart for the complete procedure in both situations are shown in figure  1 . The simulations cover the time period of one day and they are shown and commented lately. 
II. ELECTRICAL VEHICLE
In order to analyse the impact of the EVs into the grid, a model of its charging curve is needed. Battery characteristics are different depending on the type of technology and they are shown in Table I It is noted that the lithium batteries, both lithium ion and lithium polymer, are significantly better than the other types. They are able to supply a higher voltage per cell, its energy density is higher and they are lighter, which makes them perfect for storing energy on-board.
Lithium batteries have become the main technology used by manufacturers of electric vehicles due to their good characteristics. In fact, as noted in [24] most electric vehicles use this technology for energy storage. The battery capacity which they are currently working on next-generation vehicles ranges between 5 to 10 kWh in case of a PHEV and between 10 and 30 kWh in the case of EV.
The data shown in table I and [24] indicate that future electric vehicles will have got lithium batteries, so it is necessary to obtain the load characteristic of this type of batteries in order to model correctly the EV charge. As it is observed in [25], the load current passes through two phases during the charge process: first, it have a constant value to reach 70% load but from this point the current decreases exponentially until the battery has been recharged completely.
From all the existing models of EV, the charging curve chosen is from the Mitsubishi I-MIEV [26] . This vehicle has an autonomy of 160 km and its batteries are made of Li-ion (50Ah 16kWh 330V) [26] ; Fig.2 shows the charging curve of the EV when its capacity at 20%. The battery is charging at full power during 2 hours and then decreases its charging power exponentially since the hour 4; at this time it is considered that the battery is completely charged. Some studies suggest that PHEV and EV may be connected to the grid at different levels [9] , [12] , [15] they may supply different power levels. In function of the rate of charge it is necessary to establish a set of standards to define the type of connector required between EV and charging point. An European standard is needed but until it gets developed, it is proposed to use a SCHUKO (CEE 7/4) connector type for currents up to 16A. In addition, for slow charging, the output values of the charging station should be up to 16 A per plug, 230 V ± 10%, and 50 Hz ± 1% [27] .
Moreover, the way of how EVs are charged from the grid has a critical influence on its impact on the voltage levels and on the saturation of the lines. Considering this fact, two modalities of charge are presented: not-controlled charge and controlled charge. In the not-controlled charge EVs start the charge as they park. In the controlled charge, EVs only can charge during a determined period of time of the day (low-load period).
In studies about the impact of EV is very important to take into account the driving patterns of the population because it defines the time of day that EVs are charged. On one hand, private car users tend to make several trips during the day: usually they go to the workplace, they may go to dinner and then they go back home. So, different load patterns may exist depending on the hour these actions take place and how many people use private vehicle. On the other hand, the pattern of recharge also depends on the existing infrastructure for EV charging. Users can charge the car in their workplaces or on the street if the infrastructure is widespread, however the EV can only be recharged in the garage owners if the infrastructure is poor.
In both modalities of charge (not-controlled charging and controlled charging), the number of EVs charging is defined establishing different scenarios of EV penetration over the vehicles acceding to the city (Fig.3) . The curve of the movement of the vehicles has been obtained from an estimation of the curve of Barcelona [28] and has been shifted two hours earlier in order have a better representation of the Denmark's vehicle movement (in this estimation, population has also been considered). As noted, there are two periods of maximum number of journeys by private car. The first peak corresponds to the period between 6:00 and 8:00, which is the time at people move to their workplace. The second peak corresponds to the period between 15:00 and 18:00, which is the time at people return to their homes. The third peak, less pronounced than the other two, corresponds to the time they are traveling to go to lunch (11:00 -13:00).
During the charging process of the EV, will be charging simultaneously EV with different states of charge. Therefore, a model is needed to take this fact into account in the steadystate simulations. 1 models the superposition of the demand caused by the EV in different charging states, where R is penetration of EV, P ev is the maximum power which a car can charge, i is the counter associated to the actual hour, j is the counter associated to the previous hour, Δva k,k−1 is the increase of EV between the hour i and the hour j and Cev k is the charging state of the EV (Fig.2) .
Applying this model to the vehicle movement curve, the demand curves for the both charging modalities can be obtained (Fig.4) EV's charge power (R= 0. In case of not-controlled charging, load produced by the VE is concentrated in the hour that most trips are made, so the load curve has a similar shape as the mobility curve. In case of controlled charging, load power is concentrated in the off-peak hours of vehicle mobility which coincide with the off-peak hours of energy demand.
III. POWER GRID
The scenario of the simulations is a part of a distribution power grid (Fig.5) [21] . This grid, of 400 MW of short-circuit power, has 3 wind turbine generation units of 630 kW at busbars B013, B015 and B017. In addition, there are three combined cycle units of 3 MW each one at the busbar B005, but for purposes of the study has remained disconnected. Loads are at the busbars B005, B010, B011 and B012. Due to simplify the interpretation of the simulations and the results, EVs have been separated from the other consumptions. In order to study the most critical situation the Winter(week) case has been chosen from all the possible situations of electrical demand because it has the highest demand in every hour (Fig.6) . Therefore, the wind power generation curve is from this period. Fig.7 depicts a representative It is noted that the load curves differ greatly depending on the day of the year since they depend on the season and day type (weekday or weekend). Winter weekdays show the highest energy consumption. The main peak is in the morning period (7:00 -11:00) and from this time the consumption decreases until reach to 17:00, when it returns to show a peak. The shape of the curve changes sharply During winter weekends because there is a great absence of energy consumption in the morning. The load peak is at 17:00, but it is still lower than in case of a weekday. Regarding summer, the most important period on weekdays is in the morning, where there is not a second peak clearly pronounced. On weekend it is possible to find a very flat curve with little variation in consumption regardless of time of day.
Electrical generation from wind turbines shows values ranging between 0.73 and 0.59 MW. The maximum value is between 12:00 and 13:00 while the minimum occurs at 19:00.
In the deterministic and the probabilistic analysis the voltage results presented are from two busbars. The first busbar is B005 and it has been chosen because L00 is always the load with the highest power. The second busbar chosen is B014 in order to have the behavior of a closer busbar to a wind power generation unit.
IV. DETERMINISTIC ANALYSIS Deterministic load flow analysis is used for numerical assessment of power system at steady-state operation for one specific situation. It determines active and reactive power flow in each power line of the system for the steady-state or normal operation. The input data include the active and reactive power of each load (EVs loads and normal loads), the real power generation and voltage magnitude for generating buses, as well as the grid configuration. In this section, the result from executing the deterministic analysis are shown. In this analysis all loads are previously determined and, as stated in the section III, they correspond to the load of a winter weekday. The results from the two typologies of charge for the EV are presented for the different penetrations of EV.
A. Not-controlled charging Fig.8 and Fig.9 show respectively the voltage levels for busbar B005 and B014 for the case of not-controlled charging. Voltage levels are lower in the node B014 than in the node B005. Assuming a penetration rate of 10%, the minimum value reached for the busbar B005 is 0.986 and 0.982 for the busbar B014. With a penetration rate of 20% the busbar B005 reaches a minimum value of 0.978 while the busbar B014 down to 0.971. The minimum values are always during the morning (8:00 -10:00), when there are high energy consumption and a larger number of trips. Fig.10 and Fig.11 show respectively the voltage levels for busbar B005 and B014 for the case of controlled charge. In case of the controlled charging, the busbar B014 is again the one with the lowest voltage level. In this case, unlike the not-controlled charging, the minimum voltage levels are in the early hours of the night (1:00 -3:00). This is because the controlled load causes the VE start their charging process during the hours of minimum demand, the off-peak section of the demand curve. Therefore the accumulation of EVs causes that the voltage level is below the case of not-controlled charging in all cases of penetration rate. Voltage reaches a value of 0.955 for the busbar B005 and 0.94 for the busbar B014 with a penetration of 10%. With a penetration rate of 20% the voltage drops to 0.761 at the busbar B005 and to 0.805 at the busbar B014.
B. Controlled charging
V. PROBABILISTIC ANALYSIS
On one hand, deterministic studies a snapshot of the system, normally worst-case scenarios. This approach could be enough when doing planning and operation studies in power systems with unidirectional power flow. However, if a range of situations is desired to study in order to cope with uncertainty of generation or demand, a number of simulations have to be performed.
On the other hand, probabilistic power systems studies provide a better understanding of likely system conditions and more confidence when making judgements concerning planning investment and operating decisions [21] . Probabilistic modeling is based on application of statistics for probability assessment of uncertainly and the core of probabilistic modeling is the idea of representing information through probability densities.
From the compiled data during the week days of the winter season a mean and an standard deviation have been found for each hour of the day. In order to perform a probabilistic analysis 50 load flows for each hour have been executed generating random powers with the mean and the standard deviation founded previously.
In order to validate the results from the probabilistic method used, a mean corresponding to the deterministic analysis and a mean corresponding to the Monte Carlo analysis will be presented in figures 12, 13, 15 and 16. If the number of samples generated using the Monte Carlo method is larger enough, both means will have similar values. Fig.12 and Fig.13 show mean voltage levels for the different penetrations of EV in the case of not-controlled charge. In both figures are the calculated mean voltage levels from the probabilistic analysis and the mean from the deterministic analysis. In order to have a most detailed view of the critical busbar, in this case B014, Fig.14 show the the range of voltage level that can be reached at this busbar. Figure 14 shows the voltage levels that can reach the B014 busbar. At 8.00 there is the most critical situation of the day, this is when voltage level is lower. The average level of stress during this time is 0.971 and it can vary between 0.975 and 0.963. Fig.15 and Fig.16 show mean voltage levels for the different penetrations of EV in the case of controlled charge.
A. Not-controlled charge
B. Controlled charge
As happens in the not-controlled charging, the B014 is the busbar with the lowest voltage levels and Fig.17 show the the range of voltage level that can be reached at this busbar. The lower voltage level happens at 0:00 and it corresponds to the start of the charge of electric vehicles. At this point the voltage in the B014 busbar has an average of 0.755 and it can reach a maximum of 0.78 and a minimum of 0.69. These values remain constant until about 3:00 but at this moment they increase to 0.98 and remain at this value for the day.
VI. CONCLUSION
The objective of the paper is to analyse the impact of charging EVs on a distribution grid. Therefore, different penetrations of EV and charge modalities are proposed. In order to cover the maximum situations two analysis have been performed: deterministic analysis and probabilistic analysis.
In one hand, results from the simulations show that notcontrolled charge amplifies the demand of the line at the hours of the higher electrical demands. On the other hand, simulations show that with the controlled charge a high penetration of EVs reached without investments in extending power grids.
